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ABSTRACT
An innovative way of improving heating performance was developed for a 3.5 RT MPS (Multi Power System)
heat pump system. In the heat pump system, there were three heat exchangers, one in each front, rear and bottom.
The front and rear heat exchangers were supplied with the air from open space when the bottom heat exchanger was
supplied with the air heated by the compressor. The result came out as the great temperature difference between the
incoming air and the refrigerant in the bottom heat exchanger. The difference was greater than those in the other two
heat exchangers. The inlet air temperatures were numerically estimated with a commercial code, and the compressor
was modeled as a constant temperature heat source. The temperature distributions were obtained over the three heat
exchangers. According to the temperature profile, the refrigerant distribution to the three heat exchangers was
redesigned, which means more refrigerant was distributed to the portion of the heat exchanger with greater
temperature difference between the air and refrigerant. It directs to improvement of heating capacities by 10% and in
addition of 5 % for low temperature heating steady state, and standard rating conditions, ARI 210/240, respectively.
The Heating Season Performance Factor, HSPF was improved by 5.2%, without any increase in cost or consuming
more energy

1. INTRODUCTION
The demand for energy efficiencies of air-conditioners have been increased since the environmental protection
becomes more severe. The improvement on Coefficient of Performance, COP was the main theme in energy saving
technology developments. But it was to say that the COP could not properly indicate the extended period energy
consumption and also Heating Season Performance Factor, HSPF was more adequate index to represent the actual
heating energy bills. The easier way of improving energy efficiency is to adopt more high priced components, such
as BLDC motor, microprocessor-controlled variable speed compressor, and so forth. However, consumers seemed
reluctant to pay more for air-conditioners just to save energy bills.
In this thesis, a way of improving heating performance was developed by optimizing the refrigerant flow passes in
heat exchangers as well as by utilizing the compressor as a heat source. The temperature field through the heat
exchangers was analyzed with a commercial code, and HSPF was improved without adopting the high priced
components.
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2. SYSTEM CONFIGURATION & TESTING CONDITION
2.1 Multi Power System (MPS)
Multi power system is consisted of two constant speed compressors with different capacity. A microprocessor
controlled the compressor operation, depending on thermal loads, for example only small compressor operation,
only large compressor operation, and both compressors operation. Thus, the cooling or heating capacity was
modulated in three step and the energy was saved in the same way as that in the variable speed compressor driven
air conditioner.
The schematic diagram of Two compressor system is shown in fig. 1. There are two compressors, check valves and
a common accumulator in parallel with condenser and evaporator. The working flow path is explained as follows.
Two compressors are installed in parallel. Check valve is necessary to prevent refrigerant from flows back to the
other compressor when only one compressor operates. The refrigerant that discharged from compressors, flows into
evaporator and goes through expansion device, TXV. The expanded refrigerant flows into evaporator and goes into
a common accumulator and compressors. The accumulator works as following. A refrigerant evaporated in
evaporator, flows into an accumulator and the vapor refrigerant flows into each compressor though a suction line
while the liquid refrigerant and oil are accumulated at the bottom of the accumulator. At this time, oil is recovered
from the compressor though the oil-return hole with vapor refrigerant (Kim et al., 2003).

Figure 1. The schematic diagram of 2 comp system

2.2 Heating Seasonal Performance Factor (HSPF)
HSPF(Heating Seasonal Performance Factor) is used as a standard for defining the annual power consumption of a
Heat pump system. It is defined as following for the capacity modulation system including two speed compressor or
two compressors, or cylinder unloading (ARI standard 210/240,2003)

nt

∑ N BL(T )
HSPF =
RH (T )⎤
⎡ E(T )
⎢∑ N + ∑ N ⎥
j

j

⎣

j
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Where,
BL(Tj) = Building Load at Temperature Tj [Btuh]
E(Tj) = The Heat Pump Electrical Energy Usage In Tj
RH(Tj) = Supplementary Resistance Heat Term at Temperature Tj
j = temperature bin index
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Figure 2. HSPF graph of 2comp. system
Two compressor system has three different operating regions that cover temperature and four compressor operating
mode by changing compressor operation. The operating pattern with heating load is shown in fig. 2. In fig. 2, case.
1 is low compressor speed or single compressor, i.e., k=1, for which the building heating load.
Seven test conditions are needed within four temperature ranges in order to calculate HSPF from ARI standard for
the two-compressor driven heat pump. The test condition of 8.3℃ 100% maximum operation has the greatest effect
on the HSPF.
Table. 1 Require Test condition (ARI Standard)]
Cooling
Standard
High
Single Speed

◎

Two Compressors

◎◎

Heating
Low

Low

High

Standard

Low

High

Low

Low

High

◎

◎

Frost

Low

High

High

Low

High

Low

◎

SEER
ARI
HSPF

◎◎

◎

◎

Single Speed

◎

Two Compressors

◎

◎

◎
◎

◎

◎

◎

2.3 Experimental Unit and Test Condition
Experimental Unit is a split type unitary system. The indoor unit has an A-coil with 3-row, 20-step heat exchanger,
and an AC motor. The outdoor unit has 2 compressors, common accumulator, control box, HEX and so forth. Outdoor unit is shown in fig. 3. The two compressors of the outdoor unit were from LG Electronics with the nominal
capacity ratio of 60 to 40%. The BLDC motor was used for the outdoor fan. HEX has divided into three parts, front,
bottom, and rear by position. The working fluid was refrigrant-22.

Front HEX

Rear HEX

Control box
Bottom HEX
Accumulator
60%
compressor

40%
compressor

Figure 3. Outdoor unit of LGE
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The test condition is shown in Table 2, same as in the ARI.
Table. 2 : Test condition in indoor and outdoor
Indoor Unit
Test

Cooling

air entering

Standard Rating conditions
(A cooling condition)

Outdoor Unit
air entering

Dry-bulb

Wet-bulb

Dry-bulb

Wet-bulb

26.7℃

19.4 ℃

35 ℃

23.9 ℃
18.3 ℃

B cooling condition

26.7 ℃

19.4 ℃

27.8 ℃

Standard Rating condition

21.1 ℃

15.6 ℃

8.3 ℃

6.1 ℃

High Temperature Heating condition

21.1 ℃

15.6 ℃

16.7 ℃

13.6 ℃

Low Temperature Heating condition

21.1 ℃

15.6 ℃

-8.3 ℃

-9.4 ℃

Frost Accumulation

21.1 ℃

15.6 ℃

1.7 ℃

0.6 ℃

Heating

3. FLOW SIMULATION
The refrigerant flow passes in the heat exchangers were analyzed and redesigned to improve the HSPF. The heat
dissipated from the compressors was regarded as heat sources, and the distribution of temperature over the heat
exchangers were calculated with commercial software.

3.1 System modeling
A commercial code, Star-CD(ver. 3.15-for window) was used to analyze the steady state temperature field of the
heat pump outdoor unit. The compressors, the accumulator and the control box in the outdoor unit were included in
the modeling, but the pipe between components was neglected due to small effects.
We used approximately 440,000 cells to solve the computing region. The computing time took twelve hours by
Pentium IV 2.8GHz processor. Main boundary conditions and mesh shape is shown in fig. 3. The heat exchanger
was known as a porous media to save computing time. As for boundary conditions, constant air flow rate of 90CMM
according to standard rating conditions was applied for the fan and experimentally obtained pressure drop across the
heat exchangers was adopted. We created a simulation of standard rating condition and surround temperature of
35℃. Compressor had constant temperature of 85 ℃
Pressure drop
(porous media)

Wall condition (85℃)

Figure 3. Boundary condition and mesh modeling

3.2 Simulation result
Fig. 4 shows the velocity & temperature profile inside of the outdoor unit. The bottom HEX is inclined when the
front HEX and rear HEX stand vertically. As a result, the velocity profile at the section A is lower than the one in
section B, because section A is closer to the side wall. The large compressor has greater effect on the bottom HEX
than the one from a small compressor. Because the large compressor is located closer to the side wall, the
temperature distribution at section A is higher than the one at the section B. When the velocity around large
compressor is slow, the heat from large compressor does not mix with intake air. The hot air around the large
compressor enters the portion of the heat exchanger that located just above the large compressor and it leads the
temperature distortion of 4℃ depending on locations in the bottom HEX, when the shell temperature of the
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compressor is 85℃. As a result of simulation, the bottom HEX is more efficient than front & rear HEX in heating
operation. Therefore, the bottom HEX is able to increase the number of pass by exercising refrigerant flow passage
design.
<Section A>

Section Section
A
B

<Section A>

<Section B>

(a) Velocity distribution

<Section B>

(b) Temperature distribution

Figure 4. Simulation result
Fig. 5 shows the velocity profile of air coming to the heat exchangers. The velocity at the top portion of the front
HEX and rear HEX are the fastest due to their short distance to the fan. Also overall velocity profile located in the
bottom HEX is the lowest because it is farthest from the fan. In the bottom HEX, the velocity also varies depending
on the distance from the fan. The variation of the inlet air velocity is considered when designing refrigerant flow
passes with assumption of the heat transfer rate is strongly dependent from the air velocity.

Front-Hex
Bottom-Hex
Rear-Hex

Figure 5. Velocity contour on HEX
It reveals that the air flow rate becomes the highest when it is in the rear HEX, but the velocity becomes the highest
when it is in the front HEX. The bottom HEX shows the lowest air velocity. These are resulted from the numerical
calculations and provided to determine the number of refrigerant passes.

4. REFRIGERANT FLOW PASSAGE DESIGN
The first design of the refrigerant pass was based on the equal tube length. The second design is included the
numerical calculation results and changes in the pass length. As it shows in the Fig. 6, the refrigerant pass 1 and 2 in
the rear HEX were designed shorter than passes 3, 4, and 5. The numbers of passes in the bottom HEX were
increased to absorb more heat from the compressor in heating operation. It was increased by 20% due to the
redesigning of passes for the rear and front HEX to decrease temperature difference within passes.
10

1

Air-flow

9

2

12

1

Air-flow

2

11

3
3
8

10
4

9

7

4
6

8
5

7

5

6

1’st design

2’nd design

Figure 6. Hex Design
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It shows in Fig. 9, evaporating temperature and temperature difference between maximum and minimum
evaporating temperature in each HEX in standard rating heating operation. Evaporating temperature in 2’nd design
increase than 1’st design, because temperature difference of 2’nd design is smaller than 1’st design. As a result of
redesign, bottom has similar efficiency to rear HEX.
1’st design

2’nd design

2.5 ℃
3.53℃

2.0℃

2.2 ℃

1.5 ℃

1.3℃

1.1 ℃
0.8 ℃

1’st design

2’nd design

(a) evaporating temperature

Rear HEX

Bottom HEX

Front HEX

(b) max. temperature difference in path

Figure 7. Temperature difference at standard rating condition
The distortion of the evaporating temperature was eliminated with the redesign of the refrigerant pass. The length
of each pass was decreased and the flow resistance was reduced. As results, the heating capacity increased by 10%,
which means 3,000 Btu/hr and EER improved by 0.5 compared to those of the first pass design. Also, the rated
heating capacity increased by 5% in other words 4,0000Btu/hr increased and EER improved by 0.25. However, the
cooling COP decreased by 3%, for the reason that the sub cooling at the condenser exit reduced. But the HSPF
increased by 5.2%.
42500

8.5

40000

8
7.5
7

37500
6.5

HSPF

Heating capacity

Heating capacity
HSPF

6

35000

5.5
32500

5

1'st path design 2'nd path design

Figure 8. Compare Standard rating Heating capacity & HSPF with HEX-design

5. CONCLUSIONS
In this thesis, a latest way of improving HSPF was presented without adopting high priced components. The
refrigerant flow pass was redesigned with the numerical calculation.
z The heating from the compressor were included in the air flow calculation.
z The inlet air velocity varies depending on the location of a heat exchanger, and also differs between heat
exchangers.
z The inlet temperature of the heat exchanger is influenced by the compressor heating, but the velocity field
is not influenced.
z HSPF improved by 6%, with the change of pass based on the numerical simulation.

International Refrigeration and Air Conditioning Conference at Purdue, July 17-20, 2006

R110, Page 7
REFERENCES
Kim,C. M. et al., 2001, The experimental study on the comparison in performance of the system which used
modulated compressors, Proceedings of the SAREK 2001 summer annual conference (III), pp. 1114-1120
Kim, C. M. et al, 2003, The experimental study on uniform distribution of oil at the air conditioning system using
two compressor, J. of SAREK, Vol. no.2:p.103-108
Ryu, Y. H. et al 2002, Benchmark Performance Analysis of vapor compressor System with Capacity Modulation
Compressor, Korean Journal of Air-conditioning and Refrigeration Engineering, Vol. 14, No.2, pp 98-107
Song, C. G. et al, 2004, The Assessment of SEER Relating to Capacity Modulation in the Air Conditioner with Two
Compressors, International Refrigeration and Air Conditioning Conference at Purdue, R111
Tassou, S. A. et al., 1981, Energy conservation throudgh the ues of capacity control in heat pumps, Junal of the
Institue of energy, 30, pp. 30-35
ARI Standard 210/240, 2003, Unitary Air-conditioning and Air-source Heat Pump Equipment

International Refrigeration and Air Conditioning Conference at Purdue, July 17-20, 2006

